Abstract. Muliadi M, Lahjie AM, Simarangkir B.D.A.S., Ruslim Y. 2017. Bioeconomic and enviromental valuation of dipterocarp estate forest based on local wisdom in Kutai Kartanegara,. Research was conducted in the dipterocarp estate forest in Kutai Kartanegara District, East Kalimantan Province, Indonesia and aimed (i) to find out the potentials of logs; (ii) to find out the correlation among variables based on bioeconomic and environmental analysis; (iii) to analyze the value of bioeconomic and environmental equilibrium; (iv) to find out the price of logs based on local wisdom. Findings showed that bioeconomic analysis based on local wisdom in dipterocarp plantation forest at different estating distance had different potential and increment, while the same maximum increment was found at 40 years and their equilibrium was found at 30 years. Other local wisdom also showed there was a strong relationship between bioeconomic and environmental variables. Diameter influenced the price of logs and local wisdom suggested higher than the market prices at the diameter of 35 cm at $ 230.50 USD, while the price of log in the market was actually $145 USD. Thus the unpaid environmental services amounted to $ 85.5 USD m -3
INTRODUCTION
Developing estate forests not only need good civilcultural engineering but also need cost calculation and a more exact analysis for restoring forest. Costs for development are required for the initial process of land preparation until harvest time (Florian 2014) . However, not all people understand modern economic calculations. In East Kalimantan Province, Indonesia, most of local community (Dayak Tunjung Tribe, Dayak Benuaq Tribe, and Kutai Tribe) have local wisdom in assessing forest bioeconomic and environmental valuation by calculating the centimeters of the trunk circumference as the basic consideration for current forest management. The use of timber products will only increase so the development of more effective ways for reduced harvesting system are paramount to continued protection of diversity in tropical forestry in (Ruslim et al. 2016) .Trees provide important products such as fire wood, building construction and medicine (Martins et al. 2014) .
The history of economic and environmental valuation of one forest area began by measuring the circumference of a tree trunk using a piece of long string. The string was then split into two pieces and the lengths of the string were measured by using the fist of the customary chief as a unit of length. The valuation techniques local indigenous communities can participate in sustainable forest management (Kovacs et al. 2014) ). The number of fists was used to determine the value of economic and environmental valuation of one area of trees. Every tree had different value according to its type. Around the 10 th century, the value of economic valuation was equal to the valuable goods possessed by the community, such as antique jars, antique plates, Gongs, Mandau and other equipment. The fist can be measured by centimeter. One fist can be equal with 10 cm. Furthermore, local wisdom is the value existing in one community, which are believed to be true and become the reference for the local community in taking an everyday action (Sumarniasih 2015) . The local wisdom is an entity which really determines the dignity of human beings within their community. This means that local wisdom which contains the elements of intelligence, creativity, and local knowledge given by the elites and their community, becomes the determinant in the development of community civilization (Lokers et al. 2016) . The concept of local knowledge and traditional wisdom are based on the knowledge value an a set of values applied in traditional societies (Fahrianoor et al. 2013; Rahu et al. 2014; RatanaUbhol and Henschke 2015) . The local wisdom can be defined as a set of knowledge, values and norms of a particular form of adaptation and life experiences of social groups who live in a particular location. Local traditional wisdom in accordance with its origin is one of the cultural heritage in society and orally by the communities concerned. Local knowledge includes knowledge, whether it is derived from the previous generation as well as the variety of experiences in the present (Tamalene et al. 2014) . A local community is a kind of civil society that plays an important role in conserving, reviving, and managing the use of natural resources and the surrounding environment within the community (Muizniecea et al. 2015) . Soedigdo et al. (2014) stated that a set of knowledge obtained by human beings is the result of a learning process of what they see, touch, taste in their environment, which is then actualized in the form of behaviors and is passed on from generation to generation. Wisdom values in managing the natural resources is very important because empirically, one of the most alarming crisis phenomena is a condition when the natural resources are exploited unwisely (Chaiphar et al. 2013) . Gradually, the natural resources will be devastated and extinct. All of these are the accumulation of the local community participations. Local community participation will only be realized if the community members have the ability to participate and knowledge about what they are going do, and how they are going to do it. There should also be appropriate incentives in order to motivate them to participate and available institutions which support and maintain their activities.
In the process of its development from century to century, biological process has been able to change the community paradigm and community participation to be bioeconomic science (Henry and Roche 2013) . According to Soedigdo et al. (2014) stated that bioeconomics is a change of paradigm in environmental economic development and it is a discipline like natural resource economics, environmental economics and ecological economics. Furthermore, according to (Belhoutchette et al. 2011; Sundar 2012) , bioeconomics is a science which is derived from biological and economic synthesis. This is an effort to bridge the concept of holonism and interdisciplinary methodology. The additional production cost as the effect of one unit of pollutant is always increasing because, the environment is only able to assimilate the waste in a small quantity. If a large amount of waste is disposed into the environment, then the environment will find it difficult to assimilate it. The marginal cost for environmental management usually increases following the controlled production volume (Tikkannen et al. 2012) Marginal environmental cost curve, which is increasing following the increasing number of production and marginal production cost curve, which is decreasing. The movement from the right side to the left side indicates that the efforts that have been made to control/manage the environment are increasing so that the pollution is decreasing. The marginal production cost curve bends down from the top left to the bottom right. The marginal cost curve increases following the increase of the coal production volume, rising up from the bottom left to the top right.
MATERIALS AND METHODS
This study was undertaken in natural forest plantation of logged-over forest area of Kutai Timber Indonesia company at Sebulu sub-district in Kutai Kartanegara District, East Kalimantan Province, Indonesia from January 2013 to January 2014. The size of rehabilitation area was around 3,000 ha. The study sites were located at 014' 22.27" S-11658' 22.38" E ( Figure 1 ). The variables that had been measured as scientific data and had been analyzed based on the scientific principles were then analyzed as follows: The circumference of the tree trunkwas measured using a measuring tape and the height of the tree was measured by using clinometers. Analyzed the simulation of increment, basal area, and the potential of stands. We studied the data of local wisdom by analyzing the bio economy of the increment based on the price of logs (biomass of logs) and the price of environment through the correlation of one variable with another using exponential, power and linear regression, followed by using the determination coefficient (R The resulting measurement showed that the maximum production of Shorea leprosula at spacing of 2 m x 2 m was reached at the age of 40 years determined by forest bioeconomic analysis of calculating the price of logs. At the age of 40 years, the maximum total volume was 344.22 m 3 ha -1 ; stand circumference was 79.8 cm; the average tree diameter (d) was 25.4 cm and the clear bore height (h) reached 11.8 m. Furthermore, the potential log production of Shorea leprosula based on its cycle (Table 1) .
The maximum production of Shorea leprosula at aestating distance of 2 m x 2 m was reached at the age of 40 years (Table 1 ). The maximum mean annual increment (MAI) was 8.61 m was Rp. 2,451,374, excluding the value of environmental service. This was in line with the calculation simulation of the price of logs based on hand grip index. However, the price of logs in the market ranged between Rp. 1,700,000-Rp. 1,900,000 including the environment service. This means that the market price was not able to restore the condition of the forest. This was also worsened by the small fee contribution per cubic meter from the government, such as USD 60.8 (IDR 730,000) for PSDH; USD 31.3 (IDR 367,000) for Compensation for Stand Value based on the Regulation of Ministry of Forestry, Republic of Indonesia and USD 14 (IDR 168,000) for forestation fund and this was allocated only for natural forest. Mönkkönen et al. (2014) demonstrate the benefits of economic and ecologycal terms from the landscape level planning of forest management.
The simulation of log production in the industrial estate forest with dipterocarp type species can be displayed on Table 1 . Based on Figure 2 it can be explained that the intersection point of maximum increment and maximum total volume of Shorea leprosula estateed at a estateing distance of 2 m x 2 m based on bioeconomic analysis with the price of logs meets at the age of 40 years with the total volume of 344.22 m To meet the scientific principles of local wisdom on bioeconomic and environmental valuation.The data from Table 1 were further analyzed by using power regression and the results showed the high value of regression coefficient of determination which showed a high level of precision between trunk circumference and volume per tree; circumference and log price (Dingga 2014) . The high value of R 2 means that the variables had a strong correlation (Arezoo et al. 2014) . Graphically the correlation among the variables can be seen in Figure 3 . (B) and correlation circumference and the price of logs per tree (C) of Shorea leprosula at aestateing distance of 2 m x 2 m based on bioeconomic analysis of log price
Bioeconomic valuation on the environment cost
The average price of logs is directly proportional to age, whereas the older the age and the greater the potential for round logs, while the average price of environmental services and the lower logs. The result of bioeconomic valuation on the environment cost can be seen in Table 2 . Tables 1 and 2 show that the price of biomass and the value of environment based on the stem circumference per centimeter were different. At the initial age under 15 years or its circumference less than 33 cm. The cost of environment was higher while at the age of above 15 years the price of per centimeter of stem circumference is cheaper. This is because the investment in the initial growth is higher so that its growth is not able to cover the service value of environment (Arezoo et al. 2015) . Differences between the price of stem circumference under 15 years and above 15 years ranged from 15% to 60%.
Relationship between stem circumference and the cost of environment and between stem circumference and the total volume were very high (Figure 4 Valuation on bioeconomic benefits of logs and environment service The price of biomass and environmental value based on diameter of stems in centimeter have differences. At the beginning of growth with a diameter below 33 cm higher price environment, this is due to greater investments in early growth cannot offset the value of environmental services ( Table 3) .
The average price wasrelated with the age (Table 3) , shows the older the age and potential of one tree, the bigger the benefit will be, while the average revenue (AR) of environmental service and the price of logs become lower. According to price of logs and the environment service for the circumference of less than 80 cm (26 cm in diameter) are higher than the market prices and the standard price from the government, such diameter size may not be used in wood processing industries because they require logs with the diameter of 40 cm above. Based on Table 3 , the curve of equilibrium can be made, based on the marginal revenue as can be seen in Figure 5 .
The equilibrium in Figure 6 can be found at the age of 30 years with the potential of 274 m 3 but the maximum growth was found at the age of 40 with the maximum increment of 8.6 cm year -1 (Figure 2 and Table 1 ). This is congruent with the value of coefficient of determination (R 2 ) value was higher than 0.94.
The development of dipterocarpestate forest (Shorea leprosula at aestating distance of 3 m x 3 m)
Total volume per hectare and the average increment is greater than the spacing of 3 m x 3 m, but the price of logs bioeconomic and environmental services is lower due to the different stand density, so that a larger diameter. The larger the diameter of the stand, the greater the selling price of logs and environmental services (Table 4) . Table 4 shows that the total volume of logs per hectare and the average increment are higher than those at aestating distance of 2 m x 2 m, However, the bioeconomic value of logs and the environment service are lower due to the different density, resulting in larger stem circumference, The size of circumference affects the value of logs and environment service, Furthermore, based on the valuation in Table 4 , the growth graph of mean annual increment (MAI) and current annual increment (CAI) can be seen in the Figure 6 .
The maximum increment of Shorea leprosula at a estating distance of 3 m x 3 m meet at the age 40 year with the average increment of 9.75 m , This value is higher than that of a estating distance of 2 m x 2 m. Bioeconomic valuation of logs and environment based on local wisdom are highly correlated. The correlations among the variables of stem circumference and the price per cubic meter; the circumference and the volume per tree; and the volume and the price of logs, both environment and log biomass have determination values which are higher than 0.97 using various regressions as presented in Figure 2 and Figure 3 . Therefore, local wisdom has been tested just like the modern bioeconomic valuation.
Bioeconomic benefit valuation of logs and environment service at aestateing distance of 3 m x 3 m
The Benefit of logs per cubic meter and environment service can be seen the Table 5 . The margin revenue shows that value of biomass at the younger ages has higher value, while at the older ages, the value is lower, inversely proportional to the margin revenue of environment which has lower value at the younger ages and has higher value at the older ages. All of them can be illustrated with equilibrium graphs (Figure 6 ). Figure 6 shows that equilibrium value is found at the age of 30 years, but the maximum increment is at the age of 40 years, Therefore, at an estating distance of 2 m x 2 m and at an estating distance of 3 m x 3 m, the dipterocarp estate forests has equilibrium and growth at the same age but different potency.
According local wisdom the price of logs with the diameter between 34 cm to 37 cm is Rp, 1, 623, in addition to the environment service with the price of Rp 1,142,764. Thus, the total price that should be applied in the market is Rp 2,766,532 or USD= 230,54 m 3-1 , This value will be able to restore the dipterocarp forest, Therefore, it is necessary to issue a regulation on new forest levy from the government, namely: PSDH = USD 80, DR = USD 17, PNT = USD 37 and other levies with the amount of USD 5, The larger the diameter the lower the price of logs m in the market will be for every additional 10 cm in diameter, namely 1%.
The potential of volume and increment of Shorea leprosula Estate Forest at an estating distance of 3 m x 3 m is higher than the potential of Shorea leprosula Estate Forest at aestating distance of 2 m x 2 m. Estating distance determines the bioeconomic and environmental value based on local wisdom. Relationship among the variables of bioeconomic and environmental valuation, namely between circumference and tree volume, between circumference and price per cubic meter, between volume and log price, circumference and environment cost, are high with the value of coefficient of determination R 2 which is higher than 95%. The equilibrium of forest area environment at different estating distances was the same at the age of 30 years although they have different potency, Maximum increment was also found at the same age, namely at the age of 40 years with different mean annual increment (MAI). Local wisdom values log biomass based on the size of stem circumference, Logs with the diameter of 35 cm or circumference of 110 cm cost USD 230,5, while the current market price was 58% lower. This is caused by the low fee applied by the government to wood product resource. The change in log price occurs every additional 10 cm of diameter size with the decrease in price of 1%. Current prices for logs in the market indicate that it may not be sufficient to pay the environment service which results in inability to restore the condition of forest and which in turn resulting in the destruction of environment.
